The relation between membrane
.Several works have appeared to support this idea using skinned muscle fibers (FORD and PODOLSKY,1970; NAKAJIMA and ENDO,1973) and isolated saroplasmic reticulum MIYAMOTO,1973, 1976 There were contradictory reports;i.e., MEISSNER and MCKINLEY(1976) and OHNISHI(1979) interpreted that the Cat+ release from FSR by changing the ionic environment was the osmotic effect rather than depolarization of the SR membrane.Recently,it was demonstrated that inside-negative potential change did not cause Cat+ release from isolated sarcoplasmic reticulum vesicle (BEELER etal ., 1979) .
Whether the Cat+pump in SR is electrogenic or electroneutral remains uncertain. BEELER et al.(1979) concluded that there was no potential change during Cat+uptake by FSR. AKERMAN and WOLFF(1979) showed positiveinside potential buildup during Cat+uptake and suggested partial compensation of charge created by Cat+uptake was achieved by K+efflux and/or Cl-influx.
In this paper,it was attempetd to clarify,firstly,the cause of Cat+release from FSR by changing the ionic composition of the medium.Secondly,whether or not the membrane potential change is accompanied by Cat+uptake,and the role of ions in the medium during Cat+fluxes.Gluconatewas used as the impermeable anion (MEISSNER and MCKINLEY,1976) 
RESULTS
The fluorescence dye diS-C3-(5)was used to follow the change of membrane potential in FSR.The curve(a)in fg.1 shows the emission spectrum of diS-C3-(5)in the solution without FSR,and(b)-(h)show that in the presence of various concentrations of FSR.When the concentration of FSR was increased,the results may indicate that emission at 660 and 680nm originated from dye free from and bound to FSR,respectively.The low concentration of FSR(final concentration;0.05mg protein/ml)and 660 nm as an emission wavelength were chosen for these experiments. (Fig.2(b) These results indicated that diS-C3-(5)could be used to visualize membrane potential over a wide range,and that fluorescence intensity of diS-C3-(5) increased when the potential changed toward the inside-positive direction.According to the Nernst equation,1%change of fluorescence intensity should represent 3.13mV.
Membrane potential formation by changing ionic composition of the medium FSR(7.5mg protein/ml)was incubated overnight in 0.2M K-gluconate medium,and diluted quickly to 1/150 with 0.2M various salt media.Membrane potential change induced by this procedure was monitored by following the change of fluorescence intensity.There was no change when FSR in K-gluconate was diluted with K-gluconate( Fig.3(a) ),which meant no membrane potential formation by dilution with the same buffer.When FSR was diluted with the medium of 0.2M KCl,fluorescence intensity decreased transiently and increased to a certain value in accordance with the redistribution of ions between the inside and outside of the membrane (Fig.3(b) ).Fluorescence intensity decrement(about 30%) obtained from the extrapolation of the curve (Fig.3(b) medium was used,Ca2+was released from FSR.It was revealed that not only permeable anion(Cl-,methanesulfonatel,but permeable cation(K+,Nat,Lit) was required for the release of Ca2+from FSR.Methanesulfonate-is considered as an impermeable anion,however,it seems more permeable than gluconate-. On the other hand,when impermeable cation was used,no Ca2+release occurred. Ca2+release was inhibited by the addition of sucrose to washing solution (Table 1) . These results suggest that there is no correlation between"depolarization"and Ca2+release.Ca2+release from FSR may be induced by an osmotic effect in this experimental system. Fig.4(a) . (Fig.4(a) )and simultaneously,the fluorescence Effect of verapamil on Ca2+uptake by FSR.Reaction was carried out as shown in Fig.4(a) .The amounts of Ca2+taken up by FSR are represented as percentages of the control(without verapamil). Effect of verapamil on fluorescence intensity change induced by diffusion of K+ Reaction was carried out as described in Fig.2(a) .FSR in 200mM K-gluconate medium was diluted with 2 mM K-gluconate and 198 mM Na-gluconate medium at the time indicated by the arrow.(a)In the presence of 2mM verapamil .(b)Control(no verapamil). intensity decreased to the initial level (Fig.4(b) ).No fluorescence intensity change was observed in Ca2+-free medium(10mM EGTA)as shown in Fig.4(c) . Verapamil,a drug known as a Ca2+antagonist,inhibited ATP-dependent Ca2+ uptake by FSR (Fig.(5) ).In the presence of 2mM verapamil in the reaction medium(0.1 mM CaCl2)neither Ca2+uptake nor fluorescence intensity change occurred upon addition of ATP (Fig.4(d) ),although 2mM verapamil had a small effect on fluorescence intensity change (Fig.6) .Thus,fluorescence intensity change was always associated with the Ca2+fluxes across the FSR membrane.
It is concluded that positive-inside membrane potential is built up during Ca2+uptake and sustained until Ca2+release occurs,although it is unlikely that Effects of valinomycin and nigericin,and the replacement of Cl-with gluconate-, on the fluorescence intensity changes during Ca2+uptake and release To study the movement of K+and Cl-during Ca2+uptake,the effects of We investigated here the relationship between Ca2 fluxes in FSR and its membrane potential change employing optical probe.Cyanine dye (Sims et al., 1974) which was used here seemed to be suitable for this study because it gave large fluorescence intensity change depending on the ionic composition change of the medium in the presence of FSR.Since Ca2+or ATP itself does not affect the fluorescence,the intensity change shown here reflects the membrane potential change,although there still may be a possibility that the responses originate from other than membrane potential (BEELER et al.,1979) .
The ionic composition change from K-gluconate to Tris-gluconate caused a large inside-negative membrane potential (Fig.3(c) )probably generated by K+ efflux.But no Ca2+release from FSR occurred (Table 1) .On the other hand, the change from K-gluconate to KCl caused a large amount of Ca2+ release from FSR with small membrane potential change.Addition of sucrose to KC1 washing solution inhibited the release of Ca2+from FSR (Table 1) .These results suggest that there is no correlation between"depolarization2+and Ca2+release from FSR. Furthermore,both permeable anion and cation were required to induce Ca2+ release.These results indicate that Ca2+release from FSR by the ionic environment change of the medium is due to the osmotic effect.It was reported that Ca2+release could be induced by cation exchange in skinned muscle fibers (NAKA-JIMA and ENDO,1973) ,however,this was never observed in FSR (Table 1) .
Fluorescence study during Ca2+uptake indicates that Ca2+uptake is associated with the build-up of the inside-positive membrane potential of about 30 mV (Figs.2(a) and 4(b)).The cause of membrane potential may be the electrogenic Ca2+pump,together with asymmetrical distribution of permeable ions associated with Ca2+ uptake for the partial compensation of the charge.This potential disappears on the release of Ca2+ (Fig.4) .Moreover,the addition of valinomycin or nigericin,and the replacement of Cl-with gluconate-affects the was accompanied by K+efflux and/or Cl-influx,resulting in partial compensation of the electrogenic potential created by Ca2+accumulation.There was a tendency that in the presence of a less-permeable anion in the medium,both formation of membrane potential and Ca2+uptake by FSR were potentiated. Cl-influx associated with Ca2+ uptake may inhibit further Ca2+uptake by increasing osmolarity inside the FSR.Valinomycin facilitates Ca2+uptake ability of FSR probably by increasing K+permeability which favors the compensation of the charge and osmolarity change due to Ca2+uptake.However,fluorescence intensity change was depressed slightly by valinomycin (Figs.4 and 7).These facts suggest that the fluorescence intensity is not a simple reflection of the amount of Ca2+in FSR.
The evidence shown here indicates that although inside-positive membrane potential is generated due to the Ca2+uptake,depolarization of SR membrane does not cause Ca2+release.However,this does not prove that the depolarization-induced Ca2+release mechanism is never operated in intact muscle.As well known,there are differences in nature of internal membrane of skeletal muscle depending on location,such as longitudinal,transverse and terminal cisternae (MEISSNER,1975; WINEGRAD,1968) .Since FSR used in this preparation contained various components,further investigation using different parts of SR is necessary to understand the excitation-contraction coupling mechanism.
